As part of measures to mitigate the impact of contaminants on Lake Simcoe, a project is being carried out by the Lake Simcoe Region Conservation Authority (LSRCA) to identify opportunities for the implementation of low impact development (LID) technologies throughout the watershed. Stakeholder engagement has been a strong element since the initiation of the project as demonstrated through various activities carried out by the LSRCA. Building upon these activities, the research study presented in this chapter provides further insight into the current opinions of and the concerns about stormwater management regarding LID practices held by traditional stakeholders. Questionnaires were distributed on three occasions to collect the opinions of specific stakeholder groups regarding LID planning in the Lake Simcoe watershed. The results indicated that traditional stakeholders are supportive of widespread LID implementation; however there are significant concerns and perceptions that must be addressed by proponents of LID. Finally, the conclusions of this research study demonstrate that the involvement of stakeholders from the beginning of the LID planning process is a necessary requirement to facilitate long term successful LID application throughout the watershed.
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Introduction
In the past few decades, emphasis has been placed on involving stakeholders in environmental planning, decision making and policy development (Beers, 1973, cited in Adams, Dove and Leedy, 1984; Beierle and Konisky, 2000; Larson and Lach, 2007) . The practice of stormwater management has been no exception to this concept and has evolved accordingly to include stakeholder participation in the planning and decision-making process. It has been recognized that sustainable solutions to stormwater pollution are only achievable with the involvement of all affected parties (Lloyd et al., 2002; Ellis et al., 2004; Apostolaki et al., 2006; Brown and Farrelly, 2008; Roy et al., 2008) . As Beers (1973 , cited in Adams et al., 1984 pointed out, "the success of any program to manage runoff as a water resource in the suburban environment is highly dependent upon the support of the people in that environment." This view holds true in the application of low impact development methods of stormwater management.
The intention of LID practices is to preserve the predevelopment hydrology of a site (Dietz, 2007) by controlling rainfall onsite (Gilroy and McCuen, 2009; Prince George's County, Maryland, 1999) and through conveyance systems that discharge to downstream watercourses (Graham et al., 2004) . Achieving this objective has included targeting the reduction of volume and rate of surface runoff from development or redevelopment sites. LID devices include structural practices such as swales, rainwater harvesting tanks, bioretention units, and filter strips (Elliott and Trowsdale, 2006) . Nonstructural measures include the clustering of houses, alternate layouts of roads and buildings to minimize imperviousness, and programs of education (Elliott and Trowsdale, 2006) .
Due to the nature of these technologies, the requirement to involve a range of groups representing various interests, socially, technically and politically, is essential for effective LID application. Governments and organizations worldwide have acknowledged the integrated planning and design process and the requirement to involve a range of disciplines (Government of British Columbia, 2002; Brown, 2005; Ellis et al., 2006; SEMCOG, 2008; CVC and TRCA, 2009) . In order to achieve long term support for a stormwater management scheme, commitment to the project by key stakeholder groups such as local government, the local water authority and stormwater practitioners, is required. In addition, beyond the traditional stakeholders of stormwater management, successful LID implementation requires the involvement of a wider group such as elected officials, landscape architects and representatives from the community, in the planning stages (SEMCOG, 2008) . Without the support of all affected groups, other issues can arise such as jurisdiction complications, lack of participation, and ineffective implementation (SEMCOG, 2008) .
Gaining the support of all affected groups is of particular importance when planning for LID implementation on a watershed level. Several papers have documented the existing challenges on widespread LID adoption (Lloyd et al., 2002; Ellis et al., 2004; Brown 2005; Roy et al., 2008) . In particular, Roy et al. (2008) provides a discussion on impediments associated with LID implementation on a watershed-scale; the authors claim that in order to achieve sustainable stormwater management, one fundamental element is that it must be planned and applied on a watershed scale. To attain effective implementation, consistent institutional, legislative, economic and social arrangements must be applied across an entire watershed. In the context of this discussion, impediments such as resistance to change will continue to remain a barrier that proponents struggle to overcome if a consistent approach is not taken to engage and educate stakeholders on a wider scale.
Involving stakeholders from the initial stages of LID planning will mitigate a significant amount of resistance to implementation issues and lead to widespread support. This is demonstrated by existing research studies in countries such as Australia ( Eadie, 2002 , and Mongard, 2002 , cited in Roy et al., 2008 Lloyd et al., 2002; Brown and Clarke 2007; Brown and Farrelly, 2008) , the United Kingdom (McKissock et. al., 1999 , and Hjerpe and Krantz, 2000 , cited in Apostolaki, 2006 McKissock et. al., 2003; Apostolaki, 2006) , France (Ellis et. al., 2004) , and Canada (Hwang et al., 2006; Farahbakhsh et al., 2008) , which have investigated the role and importance of stakeholder involvement in LID implementation.
Lake Simcoe Case Study
The principles of stakeholder participation have been applied in a LID planning project carried out in the Lake Simcoe watershed region in Ontario, Canada. Through water quality monitoring activities throughout the watershed, the LSRCA has identified that the Lake Simcoe watershed is impacted by many contaminants, particularly phosphorus. The overall aim of the Lake Simcoe LID project, which was initiated in April 2009, is to identify opportunities for the implementation of LID technologies. In addition to this, the project seeks to quantify, at a planning level, the benefits that could be provided in terms of reduced pollutant loading to Lake Simcoe from areas that have been identified as not being suitable for retrofitting conventional stormwater management practices (Li et al., 2009) .
A number of activities to engage stakeholders in the LID planning process have been completed to date. The project leaders have identified various methods in which stakeholder engagement can occur. For example, while the study is being managed by the LSRCA and being carried out by a team of researchers from Ryerson University, a steering committee has been set up to guide the progress of the study and to ensure that a meaningful outcome is obtained for watershed stakeholders. The members of the steering committee consist of representatives of municipalities within the watershed, officials from various levels of governments, the research team, and employees of LSRCA.
In addition to the participation of stakeholders with direct and immediate interests in the Lake Simcoe region LID planning study, a workshop (the Phase 1 Workshop for Stormwater Management Strategies for Uncontrolled Urban Areas in the Lake Simcoe Watershed) was held on September 28, 2009 by LSRCA (Ogilvie, Ogilvie and Company, 2009) . The purpose of the workshop was to engage additional stakeholder groups, such as private consulting firms, conservation authorities and urban planners. It was also used as an education medium for the stormwater and urban development community and a forum to provide feedback on concerns regarding LID implementation. During the workshop, an independent facilitator moderated several discussions, including a question-and-answer period and a force field analysis session to investigate the opinions and concerns of traditional stakeholders of LID implementation as a new practice of stormwater management.
Building upon the stakeholder participation activities initiated by LSRCA for the Lake Simcoe region LID project, further research activities have been carried out to gain a deeper insight into the current challenges and concerns that exist by the stakeholders of LID implementation. To gauge these perceptions, a brief questionnaire was distributed to traditional stakeholders of stormwater management. Questions were posed to identify the opinions of specific stakeholder groups regarding LID planning for retrofit and new development cases in the Lake Simcoe watershed. This chapter presents the results of the surveys and the authors' conclusions on the responses.
Methodology
The goals of this study aimed to satisfy a number of objectives in the context of LID planning on a watershed level. Specifically, the research activities carried out focused on identifying:
• types of stakeholder groups represented within a watershed;
• current knowledge of LID practices possessed by stakeholder groups represented; • LID practices that survey participants would likely be interested in implementing; • perceptions of benefits for implementing LID practices; • concerns for LID implementation;
• drivers required for effective LID support; • types of incentive programs required for effective implementation; and • the perception of costs associated with LID implementation and maintenance. There are numerous types of stakeholders that the LSRCA collaborates with regularly in watershed management activities. Table 19 .1 shows the main identified traditional and non-traditional stakeholder groups within the watershed. Due to the nature of the project and time constraints, the focus of the engagement activities was on assessing the perceptions of traditional stakeholders of stormwater management in the Lake Simcoe watershed. The assessment employed a questionnaire consisting of multiple-choice and open-ended questions which were developed based on the outcomes from the breakout sessions held at the Lake Simcoe region LID workshop.
Questionnaires were selected as the consultation method because they can gather opinions from a large group of people quickly and at a low cost. This method was particularly useful since there were a few opportunities during the project period where a large number of traditional stakeholders within the Lake Simcoe watershed were gathered. This technique is also advantageous in this case since the audience is targeted and identifiable, which facilitates measuring their attitudes. Distributing questionnaires was also the best tool to use since the purpose of engaging stakeholders in this initial planning phase is to assess the general current awareness, feelings and opinions that exist among the stakeholders in the community.
Data for this case study was collected in a three month sample period that ranged from September 28, 2009 to December 28, 2009 . A summary of the three samples, the dates the data were collected, and the methodology used is shown in Table 19 .2. There were three opportunities within this sample period to assess the opinions of traditional groups of stormwater management. The first set of surveys (sample 1) was distributed at the Phase 1 workshop on September 28, 2009 (the LSRCA LID workshop). The design of this survey focused on providing a preliminary understanding of the general knowledge and concerns for LID implementation in the watershed. This initial investigation was to test the format of the questionnaire and to confirm the correct line of questioning was being applied.
The survey consisted of six multiple choice questions and two open ended questions, designed to ask about the previously stated research objectives (with the exception of the cost perception question). Each question was centred on a mix of sixteen lot, linear and area based LID technologies that could be implemented in a watershed. Lot based LID practices capture drainage at a specific point location upstream and, through a combination of techniques, manage flow and remove pollutants (Lai et al., 2007) . The LID practices included of this type were soakaway pit, bioretention, dry well, rainwater harvesting, green roof, and downspout disconnection. Linear based LID practices are characterized by their narrow linear shapes adjacent to stream channels (Lai et al., 2007) . The LID methods included of this type were filter strip, permeable pavement, grass channel, dry swale, infiltration trench, level spreader. Area based LID practices are land based management practices that address impervious area, land cover, and pollutant inputs (Lai et al., 2007) . Roadway reduction, soil amendments, tree clusters and home clustering are LID practices of this type that were included in the survey. In total 71 questionnaires were distributed to the attendees of the LSRCA LID workshop, and 46 (65%) responses were received.
The second questionnaire (sample 2) was distributed at the New Directions '09 in Stormwater Management conference (the SWM conference) held from November 30 to December 2, 2009. Based on the lessons learned from sample 1, improvements were made to format and question style for the surveys distributed to sample 2 participants.
The second survey consisted of eleven multiple choice questions which asked respondents to rank their opinions. One additional open ended question was provided at the end to collect general comments from the stakeholders. The survey was designed to investigate the same subject areas previously identified and was based on the same sixteen LID technologies used in sample 1. In total 107 questionnaires were distributed to the conference attendees, of which 38 (36%) were returned.
The third sample was similar in format and type of questions to the questionnaire used in sample 2. The main difference in this third survey was that a description of the study background and research motivation was provided at the beginning of the survey for the participants' information. The sample 3 questionnaire was distributed at a two day LID training course hosted in conjunction by the Toronto Region Conservation Authority (TRCA) and the Canadian Standards Association (CSA) on December 8 and 9, 2009 (the TRCA/CSA LID training course). This course educated stormwater practitioners on LID techniques and design. There were 66 attendees at the training course, form whom 22 (33%) completed surveys were received.
Results and Discussions
The responses obtained from each sample were input into the web based QuestionPro Survey Software. This online tool performed the required analysis. Where needed, a spreadsheet was used to perform additional analysis. The results for all samples will be presented and discussed according to the topics addressed in the surveys, and will more or less coincide with the order in which the research objectives are stated above. Since the questionnaires distributed in samples 2 and 3 are longer and more detailed in format than that of sample 1, a stronger emphasis may be placed on the discussion for these latter two samples. In some cases, the total number of responses reported below may not equal the sample size stated above. This is due to the respondents leaving the questions blank or filling in more than one choice.
Main Stakeholder Groups Represented
A summary of the main stakeholder groups that participated in each sample is shown in Table 19 .3. The survey participants were asked to identify the stakeholder group that represents them the best. In the first sample, this question was an open ended question which had a low response rate. Thirty-six of the forty-six respondents (78%) provided an answer to the question. The format of this question was modified for samples 2 and 3. Each participant was asked to select from a list of stakeholder groups to describe themself. This resulted in a 100% response rate for both samples 2 and 3.
The analysis of the opinions or concerns according to stakeholder group will focus on these four main parties since they are identified as having the largest presence within each sample.
Current Knowledge of LID Practices
The survey participants in all three samples were asked to rank their knowledge of specific LID practices. The respondent could choose between three options to describe their familiarity with the practice. These options were:
1. "Never heard of it"; 2. "Have some knowledge"; and 3. "Very familiar-currently implementing LIDs." .1 displays the average results of the three sample groups. On average, over 90% of survey participants had at least some knowledge of 62.5% of the LID practices specified in the questionnaires. As shown, the current knowledge capacity among stakeholder groups is limited to lot based and linear based LID practices.
LID Practices Most Likely to be Supported by Stakeholders
The purpose of investigating this topic was to determine, based on the current knowledge capacity, which LID practices would have immediate support for implementation. The results of this question could also assist planners in determining which LID practices would need to be focused on to overcome barriers for support.
In the survey distributed to the participants in sample 1, the question asked was slightly different from samples 2 and 3. It was "Given the information presented in this workshop, which LID practices would you invest in?" In the other two samples it was "Based on your current knowledge, check off the LID practices you would most likely implement". This slight difference in questioning could have skewed the outcome. For this reason, the outcomes for sample 1 will be presented separately to samples 2 and 3.
The results obtained for sample 1 indicated that over 95% of the respondents said they would consider investing or definitely invest in 75% of LID practices. The practices indicated to be of most interest were again mainly limited to the lot and linear based LID technologies. However, tree clusters were included as a possible LID that would be implemented in, and green roofs were excluded among the selected practices. Over 50% of the survey participants indicated they would definitely invest in rainwater harvesting, downspout disconnection, and grass channel, which are practices that are commonly implemented. .2 shows the average results obtained in samples 2 and 3. On average it was found that over 90% of survey participants in samples 2 and 3 would consider or definitely implement 56% of LID practices. The LID practices that had the most support for implementation were downspout disconnection, grass channel and dry swale.
Expanding further on this question, the survey participants were asked to indicate their reasons for selecting those particular LID practices they would either maybe or definitely implement. The reasons that were made available as options to select were:
1. Low capital and implementation costs; 2. Low operating and maintenance (O&M) costs; 3. Clear existing guidelines and standards; 4. Proven case studies of effectiveness and performance; 5. Aesthetics; 6. Existing rebates and financial support programs; 7. Significant environmental benefits; 8. Reduces infrastructure required to achieve stormwater benefits; and 9. Other reasons (please specify). The top three reasons were investigated for survey participants of sample 2 and sample 3 for each LID. It was found that the reasons that had the least amount of impact on the likeliness to implement the practices were numbers 3 and 6. The greatest reasons for LID implementation were numbers 4 and 7. This suggests that more pilot studies are needed, particularly ones that focus on technologies that have been least investigated in the past.
Concerns and Barriers to LID Implementation
Each sample group was asked to indicate for each of a given list of barriers the degree they were concerned about the barrier or felt that it prevented them from implementing LID practices (low to high concern). Table 19 .4 summarizes the results of each sample group where the survey respondents selected the barrier to be of medium or high concern.
Over 95% of the participants in sample 1 chose costs, long pay-back period, lack of design guidelines or liability to be of medium and high concern. In sample 2, only 75% respondents indicated these same barriers, except for liability, to be of the same concern. In sample 3, liability and buy-in were indentified to be the barriers of medium concern. In addition to costs, long payback period and lack of design guidelines as barriers, space was indicated to be an additional concern among sample 3 respondents. As stated previously, the purpose of this question was to investigate the concerns held by each stakeholder group for implementing LID practices. Focusing the analysis on the main stakeholder groups identified in Table  19 .3, the concerns were determined for each party. Sample 1 could not be included due to the open-ended format of the first question which identified the main stakeholder groups. As a result, application of the analytic tools to cross-link information provided from each question could not be applied to sample 1. The results for each main stakeholder group averaged over samples 2 and 3 are shown below in Figure 19 .3. Samples 2 and 3 identified the same barriers to be of top concern with the exception of buy-in, which was identified only by the participants in sample 2. On average, the top concern for each group was space for municipal government and conservation authority representatives; time and effort from private consulting firms; and O&M costs from stormwater professionals. Figure 19 .3 Primary concerns identified by main stakeholder groups (percent average of samples 2 and 3).
Perception of Benefits of LID Implementation
The survey participants were asked to identify the benefits they perceived to be associated with LID implementation from a given list of options. The list of options given in sample 1 was limited to six benefits, which included the no benefit option. This was not given as a choice in samples 2 and 3. Figure 19 .4 below shows the percentages of each benefit that the survey participants in each sample identified to be of medium and high ranking. As it is shown, the respondents in all sample groups chose aesthetics and environmental benefits to be the most advantageous aspects of implementing LID technologies. Only samples 1 and 2 identified public image to be positive. Analysing the results further by stakeholder group showed that representatives from municipal governments and conservation authorities are the groups that view public image as a high benefit to LID implementation. Figure 19 .4 Perceptions of benefits identified by stakeholders to be of medium and high ranking.
Perceived Drivers for LID Support in the Watershed
The perception of drivers required to support widespread LID implementation was also investigated. Survey participants were asked to select from a list all options they believed would be effective. Figure 19 .5 shows the results for each sample. As shown, municipal programs and policies (e.g. rebates, by-laws, education, stormwater charges) and provincial regulations and guidelines were perceived to be the main drivers required by the survey participants in each sample group. Figure 19 .5 Perceived drivers for LID support in samples 2 and 3. In sample 2, municipal governments and stormwater professionals both identified developers as an additional driver whereas conservation authori-ties and private consulting firms saw the market driving the uptake of LID principles. For sample 3, municipal governments and stormwater professionals were the only stakeholder groups to identify additional drivers. Municipal governments selected local NGOs as the next top driver, whereas stormwater professionals equally weighted developers, grass root initiatives, local NGOs and community groups, and the market as additional drivers. Conservation authorities and private consulting firms perceived only the two main drivers as those required to ensure widespread LID support. Figure 19 .6 shows the responses by survey participants in each sample group on their opinion of incentive programs that should be in place to support LID implementation. On average, reduced requirements for stormwater management, streamlined approvals (e.g. accelerated reviews for site plans), and bonuses if LID practices are used that accomplish stormwater management goals (e.g. municipal rebate, increased floor area ratio), were selected among all participants in each group as the top incentive programs required to gain widespread support for LID principles.
Incentive Programs Required for Effective LID Implementation
A breakdown of required incentive programs perceived by the main stakeholder groups is shown in Table 19 .6. As shown in sample 2, while the top incentive programs selected by all stakeholder groups surveyed were the incentive programs given above, not all main stakeholder groups identified selected these programs. For example, in addition to the top incentive programs, municipal governments also selected recognition programs and grants for funding LID projects. Conservation authorities did not see bonuses as the top incentive, but placed equal weighting on reduced requirements for stormwater management and tax credits. Private consulting firms did not select bonuses or credits for stormwater utilities as an incentive program; rather they selected reduced requirements for stormwater management and tax credit for qualifying LID projects to be better suited incentive programs. Stormwater professionals, unlike the other main groups, chose reduced requirements for stormwater management in addition to bonuses and credits for stormwater utility fees. Similarly for sample 3, municipal governments selected recognition programs, streamlined approvals and grants for funding as the top incentive programs to be in place. Conservation authorities saw bonuses as the top incentive, and equally weighted reduced requirements for stormwater management, streamlined approvals and reduced fees. Stormwater professionals and private consulting firms identified with two out of the three identified top incentives. Private consulting firms saw reduced requirements for stormwater management as being an additional means of motivation. Stormwater professionals equally weighted six out of the eight programs, with the incentives of creating a recognition program and the availability of tax credits being given slightly higher value than the other selected incentives. Figure 19 .6 Incentive programs identified by survey participants in samples 2 and 3. 
Perception of Costs for Implementing and Maintaining LID
Stakeholders at the LSRCA LID workshop expressed, as well as through these questionnaires, concerns related to the costs associated to installing and maintaining LID technologies. The final research objective was to inves-tigate the perceptions of associated costs to LID implementation. Survey participants in samples 2 and 3 were asked to rank their opinion of costs connected to each LID practice. Figure 19. Figure 19 .7 Perception of LID practices to be a high cost for implementation and maintenance (% average of samples 2 and 3).
As shown, the implementation and maintenance costs associated with green roofs, permeable pavements, and soil amendments were perceived on average to incur the highest expenses. Despite these perceived costs, green roofs and permeable pavements were also identified by survey participants in these sample groups as LID practices they are very familiar with and would likely invest in. While soil amendments were identified in this question to be a practice of high cost in the opinion of the respondents, it was also selected as a practice with that many of the participants have very little knowledge and one that would likely not be considered for investment.
Conclusions and Recommendations
The results of this study provided a greater insight into the opinions and concerns of traditional stakeholders of stormwater management within the Lake Simcoe watershed. From the outcomes of the questionnaires distributed on three occasions in the period from September 28, 2009 to December 9, 2009, it was found that the main stakeholder groups among the participants were representatives from municipal governments, conservation authorities, private consulting firms, and stormwater professionals. Over 90% of the survey participants indicated they had at least some knowledge of 62.5% of LID practices specified in the questionnaires. Based on this current knowledge capacity, over 90% of the respondents in all samples indicated they would at least consider investing in over half of the LID technologies listed. However, the stakeholder groups that responded voiced a number of concerns regarding implementation. Some of the major barriers that were identified as preventing these groups from full scale support are space, time and effort required, as well as capital and O&M costs. The issue of associated costs was investigated further by probing the participants regarding their perception of costs. LID practices such as green roofs, permeable pavements and soil amendments were perceived to have the highest implementation and maintenance costs. Despite these barriers, the survey participants did recognize the benefits that are associated with LID application. The participants indicated that aesthetics and environmental benefits were the most advantageous aspects of implementing these sustainable technologies. Opinions gathered from the respondents showed that the assistance of drivers such as municipal programs and policies, as well as incentive programs such as reducing the requirements for stormwater management and streamlined approvals, will encourage widespread support for LID principles.
While further investigations into the opinions held by traditional stakeholders of stormwater management of LID will be required, the results of this study provided an initial insight into how these results can be applied to support effective widespread LID implementation. For example, based on the outcomes of the surveys, strategies for buy-in can be developed, possibly directed towards the main stakeholder groups that were present in all three samples. Guidelines and manuals can be created, particularly for specific LID practices. The LID practices that respondents were the most familiar with are practices that have existing manuals present. The results can also assist in the development of policies and programs, provide direction for subwatershed planning, as well as identify further studies required by stakeholders for implementation (e.g. performance case studies and feasibility studies).
Based on the outcomes of this research, existing case studies, and the nature of LID technologies to control stormwater at source and through conveyance systems, the requirement to involve a range of groups representing various interests, socially, technically, and politically, is essential for effective LID application. It is believed that as a result of taking a more holistic approach early in the LID planning process, stronger support from all appropriate actors of stormwater management will be achieved throughout the project. Not only will a greater understanding into these identified groups' capacity in applying LID technologies within the watershed be achieved, but also insight into the challenges that maybe encountered in future implementation. Engaging stakeholders throughout the planning, decision making, and project phases could lead to minimizing a significant number of barriers, facilitating uptake of LID principles, encouraging widespread implementation, and ensuring support in the long-term. Without the support of all affected groups effective LID implementation will not occur.
